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Abstract 
Maintenance of a classificatory taxonomy is a continued, necessary expense, in light of continual 
changes occurring in the literature of the collection. In medical literature, the US National 
Library of Medicine continually expends a great deal of effort in the maintenance of the 
MEDLINE® database and associated Medical Subject Headings (MeSH)®. There may be 
statistical clues or features in the literature within the collection that could be used to inform 
managers of upcoming needs for MeSH re-evaluation in regions where medical and scientific 
understandings are changing. Such an alerting mechanism may allow reviews to begin earlier on 
the timeline of change, before the volume of material classified according to a taxonomy that is 
becoming outdated grows unfortunately large. More appropriate headings may be able to be 
deployed earlier.  
A small number of MeSH entries that have undergone interesting transitions were examined by 
this study. MEDLINE literature was examined for a period spanning six years either side of the 
MeSH revisions. This investigation produced a somewhat qualitative overview of the nature of 
the localized changes in MeSH through the use of information theoretic measures. These 
measures characterize the selection of an evolving MeSH entry by characterizing the selection 
between this entry, its parent, and its siblings, as conceptually equivalent receipt of a particular 
"message" from a classification machine. That is, given that a classificatory message will be 
issued, based upon the immediate subtree of interest concerning the arrival of a new MEDLINE 
record, what are the probabilities associated with each of the choices? The entropy of such a 
message was then estimated, given the probabilities of occurrence observed to prevail over time.  
Both the immediate subtree, and the subtrees rooted at one level superordinate, produced plots 
showing unusual changes in entropy just preceding the administratively motivated 
reclassification events in question. Change in entropy of the annual assignment of MeSH entries 
appears to be a useful predictor of a need for managerial review of the associated region of the 
classification tree(s). The ability to discern entropy shifts in the superordinate subtree appears 
valuable in cases where the immediate subtree in question has very few sibling choices. The 
method can simply be run on the next larger definable region, should the immediate region be 
trivially defined.  
Motivation 
The National Library of Medicine (NLM) of the US National Institutes of Health continually 
expends a great deal of effort in the maintenance of the MEDLINE® database and associated 
Medical Subject Headings (MeSH)®. NLM is probably the premier example in the world in its 
support of its research community through improvements in the extent and consistency of its 
literature collection. There are a number of significant costs in such an effort, not the least of 
which, when impacts to other aspects of system utilization are considered, is the occasional 
revision of various regions within the MeSH hierarchies. MeSH revisions are therefore very 
deliberate events, motivated by changes in medical and scientific understanding.  
There may be statistical clues or features in the literature within the collection that could be used 
to inform managers of upcoming needs for MeSH re-evaluation in regions where medical and 
scientific understandings are changing. Such an alerting mechanism may allow reviews to begin 
earlier on the timeline of change, before the volume of material classified according to a 
taxonomy that is becoming outdated grows unfortunately large. More appropriate headings may 
be able to be deployed earlier.  
This paper examines a number of MeSH entries that underwent significant revision. The 
literature was examined for six years preceding, through six years following the MeSH change. 
Statistical measures of topical cohesion were analyzed to find features that may be of predictive 
value.  
Experiment Design 
Data Selection 
A small number of MeSH entries that have undergone interesting transitions were examined by 
this study. MEDLINE literature was examined for a period spanning six years either side of the 
MeSH revision. In the 1979 revisions to MeSH [1], three somewhat unusual groups of events 
appear to have happened. (1) The MeSH entry "Legionnaires' Disease" (C01.252.400.500.501 
and C08.730.382.380) was introduced in response to a 1976 outbreak of a heretofore unknown 
respiratory disease. (2) Multiple new MeSH entries were created to add specificity to what had 
been classified primarily under the entry "Deafness" (C09.218.458.288, C10.597.751.383.200, 
and C23.888.592.763.309.200). And, (3) a number of terms related to different organs or tissues, 
but from within a single, relatively localized region within the body (i.e., the vocal tract, from the 
vocal chords through the rear of the mouth), and all involved in phonation and speech, were 
simultaneously revised. Statistical features from these cases are examined herein, in an attempt 
to identify plausible indicators for similar MeSH change events that may occur now or in the 
future.  
The examples should not be cross-compared as the nature of the associated changes in medicine 
differ. While the advent of Legionnaires' Disease was unexpected, the other two MeSH revisions 
presumably had more time in considering the interplay of changes involving multiple categories. 
Also, the nature of the Legionnaires' Disease change to MeSH was relatively isolated, adding a 
new entry under Bacterial Infections and Mycoses (C01) and Respiratory Tract Diseases (C08), 
giving greater specificity but seemingly not affecting other portions of MeSH. Subsequent MeSH 
changes involving bacteria of the genus Legionella (B03.440.400.425.450.450 and 
B03.660.250.460.460) would continue, on into the future.  
Analyses 
It would be very useful if the contents of the medical research literature, as reflected in the titles 
and abstracts available through MEDLINE, could provide statistical features that can be used to 
indicate when a need for MeSH reorganization within a particular domain is approaching. 
However, a great number of quantifiable properties exist, and it is not clear which might serve, 
nor which would be most reliable.  
The analyses involved here are not typical applications of information retrieval technologies. 
There is no query being processed, and there is no user. And, the presumably many, and 
complex, sociology-of-science processes involved in MeSH evolution are not fully understood, 
or even enumerated. These major disclaimers notwithstanding, this study examined statistical 
measures that might be useful in the prediction process.  
An Information-Theoretic Model 
This investigation produced a somewhat qualitative overview of the nature of the localized 
changes in MeSH through the use of measures drawing strongly on Shannon's Information 
Theory [2]. In overview, the study seeks to characterize the selection of an evolving MeSH entry 
by characterizing the selection between this entry, its parent, and its siblings, as conceptually 
equivalent receipt of a particular "message" from a classification machine. That is, given that a 
classificatory message will be issued, based upon the immediate subtree of interest concerning 
the arrival of a new MEDLINE record, what are the probabilities associated with each of the 
choices? The entropy of such a message was then estimated, given the probabilities of 
occurrence observed to prevail, on an annual basis, for a period six years either side of the MeSH 
redefinition in question. Changes in message probability and system entropy are plotted here for 
comparison.  
Processing Description 
MEDLINE records were selected for analysis if a given record is classified under a specific 
MeSH entry as one of its primary (Index Medicus) indexes. Table 1 lists the MeSH entries 
examined in this study, both the original and the revised, and provides a brief explanation or 
definition of each entry (i.e., the explanation is the "Scope Notes" field, from the online NLM 
MeSH Browser [3]).  
New MeSH Entries Previous MeSH Entries 
Scope Notes from the NLM MeSH 
Browser [3] are quoted. Entry 
Terms, if any, are listed in 
parenthesis. 
Legionnaires' Disease  
C01.252.400.500.501  
C08.730.382.380 
  Legionnaires' Disease (Legionella 
pneumophila Infections; Infections, 
Legionella pneumophila; 
Legionnaire Disease): "An acute, 
sometimes fatal, pneumonia-like 
bacterial infection characterized by 
high fever, malaise, muscle aches, 
respiratory disorders and headache. 
It is named for an outbreak at the 
1976 Philadelphia convention of the 
American Legion." 
Disease Outbreaks  
(1976-1977)  
G03.850.290 
Disease Outbreaks (Epidemics, 
Outbreaks): "Sudden increase in the 
incidence of a disease. The concept 
includes epidemics." 
Bacterial Infections  
(1976-1977)  
C01.252 
Bacterial Infections (Bacterial 
Infection; Infection, Bacterial; 
Infections, Bacterial): "Infections by 
bacteria, general or unspecified." 
which in turn was listed 
under  
Infection  
(1966-1971)  
C01.539 
Infection (Infections, Reproductive 
Tract; Reproductive Tract 
Infections): "Invasion and 
multiplication of microorganisms in 
body tissues, which may be 
clinically inapparent or result in 
local cellular injury. A local 
infection may persist and spread by 
extension to become an acute, 
subacute, or chronic clinical 
infection or disease state. It may 
also become systemic when the 
microorganisms gain access to the 
lymphatic or vascular system. (From 
Dorland, 27th ed)" 
  Deafness  
C09.218.458.288  
C10.597.751.383.200  
C23.888.592.763.309.200  
(1964-1978)  
Deafness (Deaf-Mutism; Hearing 
Impairment; Bilateral Deafness; 
Deaf Mutism; Deafness, Acquired; 
Hearing Loss; Hearing Loss, 
Complete; Hearing Loss, Extreme; 
Unilateral Deafness): "A general 
term for the complete or partial loss 
of the ability to hear from one or 
both ears. Deafness may result from 
EAR DISEASES; 
VESTIBULOCOCHLEAR NERVE 
DISEASES; or BRAIN 
DISEASES." 
Hearing Loss, Bilateral  
C09.218.458.500.403 
Hearing Loss, Bilateral: "Partial 
hearing loss in both ears." 
Hearing Loss, Central  
C09.218.458.500.481.432>  
C09.218.807.186.432  
C10.228.140.068.432  
C10.597.751.383.200.200  
C23.888.592.763.309.200.200 
Hearing Loss, Central (Central 
Hearing Loss; Cortical Deafness; 
Deafness, Cortical): "Hearing loss 
due to disease of the central nervous 
system auditory pathways, which 
originate in the cochlear nuclei of 
the pons and then ascend bilaterally 
to reach the inferior colliculi of the 
midbrain, medial geniculate bodies 
of the thalamus, and then the 
auditory cortices located in the 
temporal lobes. Bilateral lesions of 
the auditory pathways are usually 
required to cause central hearing 
loss. Cortical deafness refers to loss 
of hearing due to bilateral auditory 
cortex lesions. Unilateral brain stem 
lesions involving the cochlear nuclei 
may result in unilateral hearing 
loss." 
Hearing Loss, Conductive  
C09.218.458.500.437 
Hearing Loss, Conductive 
(Deafness, Conductive): "Hearing 
loss due to interference with the 
acoustic transmission of sound to 
the cochlea. The interference is in 
the outer or middle ear." 
Hearing Loss, Functional  
C09.218.458.394  
F01.145.126.875  
Hearing Loss, Functional (Hearing 
Loss, Nonorganic; Hearing Loss, 
Psychogenic): "Hearing loss without 
a physical basis." 
Hearing Loss, High-
Frequency  
C09.218.458.500.448 
Hearing Loss, High-Frequency: 
"Hearing loss in frequencies above 
1000 hertz." 
Hearing Loss, Sensorineural  
C09.218.458.500.481 
Hearing Loss, Sensorineural: 
"Hearing loss resulting from damage 
to the sensory mechanism internal 
from the oval and round windows." 
Deafness, Sudden  
C09.218.458.288.460 
Deafness, Sudden (Sudden 
Deafness): "Sensorineural hearing 
loss which develops over a period of 
hours or a few days, varying in 
severity from mild to total." 
Hearing Loss, Partial  
C09.218.458.500  
C10.597.751.383.400  
C23.888.592.763.309.400  
  Hearing Loss, Partial (Deafness, 
Partial; Hypoacusis): "A condition 
in which the sense of hearing, 
although defective, is functional 
with or without a hearing aid. The 
hearing loss may affect one or both 
ears. The normal hearing level for 
speech is approximately 40-70 
decibels I.S.O. (International 
Organization for Standardization) or 
30-60 db A.S.A. (American 
Standards Association)." 
Deafness see above 
Hearing Disorders  
C09.218.458  
C10.597.751.383  
C23.888.592.763.309  
(1964-1978) 
Hearing Disorders (Distorted 
Hearing; Dysacusis; Hearing Loss, 
Mixed Conductive-Sensorineural; 
Paracousis; Paracusis): "Conditions 
that impair the transmission or 
perception of auditory impulses and 
information from the level of the ear 
to the temporal cortices, including 
the sensorineural pathways." 
Oropharynx  
A14.724.603 
  Oropharynx: "Oral part of the 
pharynx." 
Pharynx  
A14.724  
(1964-1978) 
Pharynx (Throat): MeSH entry 
includes subparts Hypopharynx 
[A14.724.490], Nasopharynx 
[A14.724.557], Oropharynx 
[A14.724.603], and Pharyngeal 
Muscles [A14.724.617] 
Palate, Soft  
A14.549.617.780 
  Palate, Soft (Velum Palatinum): "A 
movable fold suspended from the 
posterior border of the hard palate. 
The uvula hangs from the middle of 
the lower border." 
Palate  
A14.521.658  
A14.549.617  
(1964-1978) 
Palate (Incisive Papilla): "The 
structure that forms the roof of the 
mouth. It consists of the anterior 
hard palate ( PALATE, HARD) and 
the posterior soft palate ( PALATE, 
SOFT)." 
Phonation  
G09.772.862.793 
  Phonation: "The process of 
producing vocal sounds by means of 
vocal cords vibrating in an 
expiratory blast of air." 
Speech  
F01.145.209.908.677  
G11.561.854  
L01.143.506.423.676  
(1964-1978) 
Speech (Public Speaking): 
"Communication through a system 
of conventional vocal symbols." 
Vocal Cords  
A04.329.364.737  
(1964-1978) 
Vocal Cords (Vocal Fold): "The 
folds of mucous membrane along 
either wall of the larynx from the 
angle between the laminae of the 
thyroid cartilage to the vocal process 
of the arytenoid cartilage." 
Voice  
G09.772.862  
(1964-1978) 
Voice: "The sounds produced by 
humans by the passage of air 
through the larynx and over the 
vocal cords, and then modified by 
the resonance organs, the 
nasopharynx, and the mouth." 
Palatal Muscles  
A02.633.567.750  
A14.549.617.623  
  Palatal Muscles: "The muscles of 
the palate are the glossopalatine, 
palatoglossus, levator palati(ni), 
musculus uvulae, palatopharyngeus, 
and tensor palati(ni)." 
Muscles  
A02.633  
A10.690  
(1964-1978) 
Muscles (Effects, Muscular; 
Muscular Effects): "Contractile 
tissue that produces movement in 
animals." 
Palate see above 
Pharyngeal Muscles  
A02.633.567.800  
A14.724.617  
  Pharyngeal Muscles: "The muscles 
of the pharynx are the inferior, 
middle and superior constrictors, 
salpingopharyngeus, and 
stylopharyngeus." 
Muscles see above 
Pharynx see above 
Voice Disorders  
C08.360.940  
C09.400.940  
C10.597.975  
C23.888.592.979  
  Voice Disorders (Dysphonia; 
Phonation Disorders; Spastic 
Dysphonia; Flaccid Dysphonia; 
Hyperkinetic Dysphonia; 
Neurologic Adducter Spastic 
Dysphonia; Neurologic Voice 
Disorder; Organic Tremor 
Dysphonia; Spastic Dysphonia, 
Neurologic Adducter; Spastic 
Pseudobulbar Dysphonia; Voice 
Disorder, Neurologic; Voice 
Disturbance; Voice Fatigue): 
"Disorders of voice pitch, loudness, 
or quality. Dysphonia refers to 
impaired utterance of sounds by the 
vocal folds." 
Voice see above 
Voice Quality  
G09.772.862.960 
  Voice Quality: "Voice quality is that 
component of speech which gives 
the primary distinction to a given 
speaker's voice when pitch and 
loudness are excluded. It involves 
both phonatory and resonatory 
characteristics. Some of the 
descriptions of voice quality are 
harshness, breathiness and nasality." 
Voice see above 
Speech Production 
Measurement  
E01.370.760 
  Speech Production Measurement: 
"Measurement of parameters of the 
speech product such as vocal tone, 
loudness, pitch, voice quality, 
articulation, resonance, phonation, 
phonetic structure and prosody." 
Speech see above 
 
Table 1. MeSH entries analyzed in this study, indicating the transitions in the MeSH 
structure at the point of creation or revision of the analyzed entry. 
The MeSH entries in Table 1 may be either terminal (leaf) nodes of a MeSH tree, or interior 
nodes with descendants. Additionally, a MeSH entry may be a leaf node in one MeSH tree (as is 
"Hearing Loss, Partial" in the subtrees C10.597.751.383, and C23.888.592.763.309) while 
simultaneously being an interior node in another MeSH tree (as "Hearing Loss, Partial" is in 
subtree C09.218.458). The roles of a MeSH entry may differ from one MeSH tree to the next.  
When a MeSH entry is named in Table 1, documents indexed under either the entry from Table 
1, or its subordinates (if any) are retrieved. That is, MeSH entries that are interior nodes of a 
MeSH tree are fully expanded before their use herein for MEDLINE record retrieval.  
Table 2 lists the number of annual occurrences of documents within MEDLINE that were 
classified under one of the examined Index Medicus entries. Dates associated with MEDLINE 
document records are those of the date of publication of the referenced document itself, not a 
date of processing or acquisition by NLM. This can be problematic if a document is processed 
under classification rules that have changed since the date of publication. Analyses might expect 
the former (pre-change) rules to have been the ones used.  
Subtree Top 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 
MeSH Entries related to Deafness 
Hearing Disorders (the root 
of the subtree itself) 
C09.218.458 
166 145 189 158 205 240 147 135 130 142 149 147 152 
Deafness 
C09.218.458.288 
354 320 338 362 324 312 245 277 274 230 289 228 238 
Hearing Loss, Functional 
C09.218.458.394 
0 0 0 0 0 1 3 2 5 2 3 3 3 
Hearing Loss, Partial 
C09.218.458.500 
81 60 55 82 57 192 291 284 304 309 335 343 357 
Hyperacusis 
C09.218.458.725 
0 0 0 0 2 1 5 6 1 4 3 1 3 
Tinnitus 
C09.218.458.791 
14 11 9 13 15 24 16 36 79 23 44 68 69 
Hearing Disorders (the root 
of the subtree itself) 
C10.597.751.383 
166 145 189 158 205 240 147 135 130 142 149 147 152 
Deafness 
C10.597.751.383.200 
354 320 337 362 324 302 227 276 258 220 271 212 236 
Hearing Loss, Partial 
C10.597.751.383.400 
0 0 0 3 3 70 102 94 120 114 131 112 116 
Hyperacusis 
C10.597.751.383.600 
0 0 0 0 2 1 5 6 1 4 3 1 3 
Tinnitus 
C10.597.751.383.800 
14 11 9 13 15 24 16 36 79 23 44 68 69 
Hearing Disorders (the root 
of the subtree itself) 
C23.888.592.763.309 
166 145 189 158 205 240 147 135 130 142 149 147 152 
Deafness 
C23.888.592.763.309.200 
354 320 337 362 324 302 227 276 258 220 271 212 236 
Hearing Loss, Partial 
C23.888.592.763.309.400 
0 0 0 3 3 70 102 94 120 114 131 112 116 
Hyperacusis 
C23.888.592.763.309.600 
0 0 0 0 2 1 5 6 1 4 3 1 3 
Tinnitus 
C23.888.592.763.309.800 
14 11 9 13 15 24 16 36 79 23 44 68 69 
Deafness (the root of the 
subtree itself) 
C09.218.458.288 
354 320 337 362 324 298 225 265 248 214 263 207 220 
Deafness, Sudden 
C09.218.458.288.460 
0 0 1 0 0 14 20 12 26 17 26 21 19 
Deafness (the root of the 
subtree itself) 
C10.597.751.383.200, and 
C23.888.592.763.309.200 
354 320 337 362 324 298 225 265 248 214 263 207 220 
Hearing Loss, Central 
C10.597.751.383.200.200, 
and 
C23.888.592.763.309.200.200 
0 0 0 0 0 4 2 11 10 6 8 5 16 
Ear Diseases (the root of the 
subtree itself) 
C09.218 
99 93 84 95 79 70 82 79 68 74 70 75 73 
Cholesteatoma, Middle Ear 
C09.218.200 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Ear Deformities, Acquired 
C09.218.271 
10 2 12 0 1 8 4 2 3 5 5 2 8 
Ear Neoplasms 
C09.218.334 
73 71 52 68 48 52 42 55 44 50 62 57 58 
Earache 
C09.218.350 
0 0 0 0 0 0 0 0 0 2 5 2 5 
Hearing Disorders 
C09.218.458 
582 517 577 593 581 737 680 710 758 694 788 765 801 
Herpes Zoster Oticus 
C09.218.513 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Labyrinth Diseases 
C09.218.568 
225 173 185 205 191 183 184 214 206 173 223 242 201 
Otitis 
C09.218.705 
168 187 171 244 208 224 249 296 245 283 303 312 402 
Otosclerosis 
C09.218.768 
48 57 42 34 41 48 38 24 53 37 41 35 56 
Retrocochlear Diseases 
C09.218.807 
5 0 1 4 22 75 94 104 116 83 102 136 119 
Tympanic Membrane 
Perforation 
C09.218.903 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Sensation Disorders (the 
root of the subtree itself) 
C10.597.751 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Dizziness 
C10.597.751.237 
0 0 0 0 0 11 10 14 16 14 10 19 7 
Hearing Disorders 
C10.597.751.383 
526 470 529 529 543 613 483 525 571 494 574 530 564 
Olfaction Disorders 
C10.597.751.600 
19 12 27 26 22 23 19 16 19 14 17 10 13 
Somatosensory Disorders 
C10.597.751.791 
25 25 34 18 33 46 38 39 47 51 49 62 58 
Taste Disorders 
C10.597.751.861 
10 20 19 14 13 22 11 14 17 10 14 13 14 
Vision Disorders 
C10.597.751.941 
414 454 413 475 408 533 509 473 524 550 571 487 500 
Sensation Disorders (the 
root of the subtree itself) 
C23.888.592.763 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Dizziness 
C23.888.592.763.237 
0 0 0 0 0 11 10 14 16 14 10 19 7 
Hearing Disorders 
C23.888.592.763.309 
526 470 529 529 543 613 483 525 521 494 574 530 564 
Olfaction Disorders 
C23.888.592.763.550 
19 12 27 26 22 23 19 16 19 14 17 10 13 
Somatosensory Disorders 
C23.888.592.763.770 
25 25 34 18 33 46 38 39 47 51 49 62 58 
Taste Disorders 
C23.888.592.763.861 
10 20 19 14 13 22 11 14 17 10 14 13 14 
Vision Disorders 
C23.888.592.763.941 
414 451 412 472 406 530 506 471 520 547 567 486 500 
MeSH Entries related to the Stomatognathic System and speech organs 
Stomatognathic System (the 
root of the subtree itself) 
A14 
0 0 0 0 1 0 0 0 1 0 0 0 8 
Cheek 
A14.194 
22 26 22 24 34 28 16 22 21 20 13 24 24 
Dentition 
A14.254 
1028 1230 1287 1235 1409 1387 1491 1412 1431 1520 1587 1821 1895 
Facial Muscles 
A14.363 
49 39 54 48 38 36 48 61 53 83 71 86 93 
Jaw 
A14.521 
442 588 526 593 674 639 621 624 613 700 651 807 907 
Masticatory Muscles 
A14.530 
77 99 113 81 116 98 96 102 109 125 138 193 161 
Mouth 
A14.549 
825 933 979 995 950 1050 1042 976 904 950 1038 1135 1126 
Pharynx 
A14.724 
163 196 215 189 184 228 257 237 219 202 247 268 264 
Temporomandibular Joint 
A14.907 
94 96 99 84 119 99 130 144 74 78 97 133 136 
Jaw (the root of the subtree 
itself) 
A14.521 
26 40 29 43 48 59 55 62 69 81 72 85 96 
Alveolar Process 
A14.521.125 
46 74 81 87 91 82 97 86 84 94 102 103 114 
Dental Arch 
A14.521.320 
15 26 27 20 34 38 36 26 24 22 23 37 35 
Mandible 
A14.521.632 
240 284 231 286 343 328 294 304 297 379 310 391 456 
Maxilla 
A14.521.645 
52 98 67 80 82 81 72 90 76 98 81 113 123 
Palate 
A14.521.658 
85 102 123 113 102 89 90 85 85 63 89 109 134 
Mouth (the root of the 
subtree itself) 
A14.549 
77 99 136 167 121 130 136 139 102 166 161 165 175 
Lip 
A14.549.336 
54 45 51 53 58 61 63 61 66 65 66 82 68 
Mouth Floor 
A14.549.441 
13 21 33 32 24 20 26 26 15 11 15 17 21 
Mouth Mucosa 
A14.549.512 
133 193 163 200 184 235 182 192 167 151 185 217 198 
Palate 
A14.549.617 
87 106 125 117 109 107 139 126 111 98 133 147 170 
Salivary Glands 
A14.549.760 
362 387 376 342 362 405 412 339 359 357 365 391 364 
Tongue 
A14.549.885 
136 117 139 130 127 132 127 127 111 118 148 153 164 
Pharynx (the root of the 
subtree itself) 
A14.724 
84 105 118 103 97 99 103 78 79 77 85 96 137 
Hypopharynx 
A14.724.490 
0 0 0 0 0 7 29 26 23 22 16 15 15 
Nasopharynx 
A14.724.557 
36 24 31 28 24 32 39 32 47 27 44 56 36 
Oropharynx 
A14.724.603 
0 0 0 0 0 12 22 26 19 26 33 23 19 
Tonsil 
A14.724.603.925 
43 67 69 59 63 74 60 53 38 42 64 67 49 
Pharyngeal Muscles 0 0 0 0 0 4 7 12 15 10 9 14 11 
A14.724.617 
Glottis (the root of the 
subtree itself) 
A04.329.364 
24 18 53 27 22 24 28 29 26 18 16 27 26 
Vocal Cords 
A04.329.364.737 
54 33 43 36 30 35 30 29 33 39 47 44 43 
Palate (the root of the 
subtree itself) 
A14.549.617 
85 102 123 113 102 89 90 85 85 63 89 109 134 
Palatal Muscles 
A14.549.617.623 
0 0 0 0 1 1 12 5 2 5 8 9 9 
Palate, Soft 
A14.549.617.780 
3 5 2 4 7 22 45 40 25 33 39 37 40 
Voice (the root of the 
subtree itself) 
G09.772.862 
59 60 83 54 71 70 69 57 70 73 75 92 60 
Phonation 
G09.772.862.793 
0 0 3 0 1 12 25 22 25 31 26 52 28 
Voice Quality 
G09.772.862.960 
0 0 0 0 0 11 18 17 17 26 19 25 13 
MeSH Entries of broader terms adjacent to terms of the Stomatognathic System and speech organs 
Verbal Behavior (the root of 
the subtree itself) 
F01.145.209.908 
99 127 114 117 120 92 98 51 63 59 83 60 56 
Speech 
F01.145.209.908.677 
178 174 197 188 184 163 145 158 146 134 184 143 145 
Nervous System Physiology 
(the root of the subtree 
itself) 
G11.561 
35 39 58 59 42 54 63 65 63 46 78 84 103 
Arousal 
G11.561.065 
156 150 148 153 147 175 181 171 178 246 247 280 196 
Axonal Transport 
G11.561.086 
70 58 86 58 86 78 103 139 121 109 76 70 86 
Blood-Brain Barrier 
G11.561.107 
48 67 90 80 100 94 110 126 119 120 163 143 148 
Cerebrospinal Fluid Pressure 
G11.561.131 
96 113 130 134 128 133 154 120 132 144 149 166 152 
Chronaxy 
G11.561.138 
4 2 1 0 3 1 1 1 1 0 1 0 0 
Dominance, Cerebral 
G11.561.232 
164 163 223 230 291 355 386 454 421 473 522 521 406 
Evoked Potentials 
G11.561.250 
451 409 423 413 359 121 181 269 364 633 539 716 840 
Habituation 
(Psychophysiology) 
G11.561.317 
72 67 58 65 47 60 64 44 44 52 35 44 43 
Higher Nervous Activity 
G11.561.353 
19 21 22 15 17 12 11 26 11 18 15 17 18 
Kindling (Neurology) 
G11.561.426 
0 0 0 0 0 0 2 3 29 69 69 74 74 
Membrane Potentials 
G11.561.450 
590 607 603 682 570 170 187 180 126 108 91 116 135 
Nerve Regeneration 
G11.561.513 
99 122 69 85 93 109 145 173 203 198 265 196 184 
Neural Conduction 
G11.561.537 
161 180 177 146 157 184 165 163 161 149 152 155 144 
Neural Inhibition 
G11.561.559 
59 98 74 73 89 86 108 103 110 91 118 103 95 
Neuroimmunomodulation 
G11.561.589 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Neuronal Plasticity 
G11.561.594 
0 0 0 0 0 0 0 1 11 61 62 51 89 
Neurosecretion 
G11.561.606 
37 36 33 17 15 24 20 22 11 11 27 7 8 
Reaction Time 
G11.561.656 
152 121 138 100 113 136 111 116 105 114 124 145 129 
Reflex 
G11.561.730 
459 402 424 441 412 463 524 516 513 512 536 565 615 
Sensation 
G11.561.796 
1356 1458 1359 1410 1379 1660 1751 1894 1789 1818 1939 2195 2190 
Sleep 
G11.561.826 
386 377 411 429 431 420 420 486 422 494 491 500 459 
Speech 
G11.561.854 
178 174 197 188 184 163 145 158 146 134 184 143 145 
Spreading Cortical 
Depression 
G11.561.880 
25 20 19 9 19 7 9 11 16 7 15 20 9 
Synaptic Transmission 
G11.561.920 
372 265 205 183 204 282 275 337 348 522 617 481 350 
Language Arts (the root of 
the subtree itself) 
L01.143.506.423 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Lipreading 
L01.143.506.423.348 
3 8 4 9 9 7 8 8 5 12 7 7 8 
Multilingualism 
L01.143.506.423.452 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Reading 
L01.143.506.423.557 
63 65 62 63 69 69 80 102 89 123 114 134 144 
Speech 
L01.143.506.423.676 
178 174 197 188 181 151 125 133 128 123 167 127 125 
Translating 
L01.143.506.423.796 
1 3 8 4 4 1 4 0 2 4 1 5 3 
Writing 
L01.143.506.423.906 
85 104 92 118 106 106 134 89 117 110 146 124 132 
Respiratory Physiology (the 
root of the subtree itself) 
G09.772 
30 22 22 24 24 21 27 31 31 50 60 51 45 
Pulmonary Circulation 
G09.772.480 
242 219 222 178 206 173 169 164 174 220 192 194 191 
Respiration 
G09.772.521 
1107 1041 1080 1088 958 1062 1220 1143 1224 1459 1284 1383 1423 
Sneezing 
G09.772.672 
1 0 4 1 1 2 3 2 2 7 4 8 10 
Voice 
G09.772.862 
59 60 83 54 71 70 69 57 70 73 75 92 60 
Musculoskeletal System (the 
root of the subtree itself) 
A02 
7 9 7 8 6 9 9 10 13 11 9 18 13 
Cartilage 
A02.165 
457 468 535 504 564 498 571 534 582 675 620 663 689 
Fascia 
A02.340 
52 59 66 52 60 54 64 54 50 41 45 50 51 
Ligaments 
A02.513 
106 119 145 110 143 163 170 225 201 222 295 241 309 
Muscles 
A02.633 
3718 3790 4119 3979 4128 4313 4641 4776 4725 5128 5519 5986 6332 
Skeleton 
A02.835 
3841 4374 4637 4530 4843 4996 5088 4945 5077 5499 5599 6136 6467 
Tissues (the root of the 
subtree itself) 
A10 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Connective Tissue 
A10.165 
1546 1750 1674 1645 1770 1787 1849 4885 4934 2005 2015 2246 2259 
Epithelium 
A10.272 
218 254 262 229 335 443 433 557 531 555 682 655 696 
Exocrine Glands 
A10.336 
1564 1674 1680 1644 1772 1803 1972 1907 1862 1933 2077 2200 1994 
Lymphoid Tissue 
A10.549 
104 102 84 94 78 84 87 106 135 113 129 128 142 
Membranes 
A10.615 
1223 1413 1420 1520 1533 1530 1452 1537 1455 1433 1650 1811 1808 
Muscles 3146 3140 3410 3381 3489 3670 3877 4067 4010 4441 4750 5123 5381 
A10.690 
Nerve Tissue 
A10.755 
192 223 212 168 171 196 180 217 207 219 224 236 212 
Surgically-Created Structures 
A10.850 
2 0 0 3 2 9 146 392 439 475 593 558 612 
Muscle, Skeletal (the root of 
the subtree itself) 
A02.633.567 
0 0 0 0 0 0 0 1 1 0 1 0 0 
Abdominal Muscles 
A02.633.567.050 
80 86 100 85 96 96 116 101 102 84 117 117 149 
Facial Muscles 
A02.633.567.400 
49 39 54 48 38 36 48 61 53 83 71 86 93 
Laryngeal Muscles 
A02.633.567.500 
0 0 1 0 0 7 8 10 28 12 16 25 14 
Masticatory Muscles 
A02.633.567.600 
77 99 113 81 116 98 96 102 109 125 138 153 161 
Neck Muscles 
A02.633.567.650 
0 0 0 1 2 8 35 31 41 38 37 47 35 
Oculomotor Muscles 
A02.633.567.700 
82 92 102 102 102 119 133 116 117 101 108 129 113 
Palatal Muscles 
A02.633.567.750 
0 0 0 0 1 1 12 5 2 5 8 9 9 
Pectoralis Muscles 
A02.633.567.775 
11 23 30 24 20 17 34 33 42 35 36 34 34 
Pharyngeal Muscles 
A02.633.567.800 
0 0 0 0 0 4 7 12 15 10 9 14 11 
Psoas Muscles 
A02.633.567.825 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Respiratory Muscles 
A02.633.567.900 
89 93 109 111 103 101 174 104 123 114 126 125 167 
Sarcoplasmic Reticulum 
A02.633.567.925 
76 104 82 141 126 133 144 177 170 196 189 167 180 
Stapedius 0 0 0 0 1 9 26 18 11 10 15 7 6 
A02.633.567.950 
Tensor Tympani 
A02.633.567.975 
0 1 2 3 2 6 5 0 2 3 7 5 3 
Laryngeal Diseases (the root 
of the subtree itself) 
C08.360 and 
C09.400 
Not analyzed -- too broad a topic 
Voice Disorders 
C08.360.940 and 
C09.400.940 
10 8 14 8 10 25 37 49 52 57 71 69 50 
Neurologic Manifestations 
(the root of the subtree 
itself) 
C10.597 and 
C23.888.592 
Not analyzed -- too broad a topic 
Voice Disorders 
C10.597.975 
and C23.888.592.979 
10 8 14 8 10 25 37 49 52 57 71 69 50 
Diagnostic Techniques and 
Procedures (the root of the 
subtree itself) 
E01.370 
Not analyzed -- too broad a topic 
Speech Production 
Measurement 
E01.370.760 
0 1 0 0 0 21 20 24 25 25 19 25 19 
MeSH Entries related to Legionnaires' Disease 
Public Health (the root of 
the subtree itself) 
G03.850 
241 277 280 261 280 315 243 208 199 269 211 184 283 
Accidents 
G03.850.110 
429 436 495 409 464 549 560 450 425 460 589 582 671 
Carrier State 
G03.850.160 
151 123 143 130 121 110 160 130 137 156 141 182 149 
Consumer Product Safety 
G03.850.210 
0 0 0 0 0 0 0 1 4 11 12 16 17 
Disease Outbreaks 
G03.850.290 
231 245 251 240 266 284 321 273 343 421 507 521 502 
Disease Reservoirs 
G03.850.295 
80 86 63 57 60 70 50 85 51 69 86 77 70 
Disease Transmission 
G03.850.310 
153 135 115 110 123 111 113 105 125 136 131 180 199 
Drug Contamination 
G03.850.360 
26 47 44 72 70 66 82 46 74 88 87 70 88 
Endemic Diseases 
G03.850.392 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Environmental Medicine 
G03.850.420 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Environmental Microbiology 
G03.850.425 
607 638 702 689 623 686 711 529 529 484 546 558 578 
Environmental Pollution 
G03.850.460 
1723 1759 1615 1332 1325 1230 1298 1235 1227 1238 1438 1448 1487 
Epidemiologic Factors 
G03.850.490 
68 71 113 74 74 129 77 90 82 45 56 60 57 
Epidemiologic Measurements 
G03.850.505 
952 1003 1026 1070 1117 1029 1103 1182 1093 1194 1161 1264 1381 
Epidemiologic Methods 
G03.850.520 
1585 1699 1801 2002 1929 1962 2065 2121 2189 2070 2320 2314 2289 
Equipment Contamination 
G03.850.540 
0 1 0 0 0 1 0 0 0 0 0 22 55 
Equipment Reuse 
G03.850.585 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Health Education 
G03.850.630 
232 290 361 443 505 448 421 412 397 378 453 484 505 
Health Transition 
G03.850.650 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Hygiene 
G03.850.670 
58 97 96 91 73 77 63 64 61 65 43 51 66 
Public Health Practice 1497 1512 1466 1394 1420 1391 1356 1346 1281 1372 1536 1555 1724 
G03.850.780 
Radiologic Health 
G03.850.810 
2075 1885 2034 1343 898 784 799 699 687 661 698 747 844 
Sanitation 
G03.850.860 
381 502 556 464 483 486 468 541 490 482 532 495 568 
Bacterial Infections and 
Mycoses (the root of the 
subtree itself) 
C01 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacterial Infections 
C01.252 
6035 5816 5821 5962 6039 6205 6861 6608 7020 7645 7945 8114 8100 
Brain Abscess 
C01.323 
62 47 52 64 67 78 88 82 82 112 101 88 90 
Central Nervous System 
Infections 
C01.395 
0 0 0 0 0 0 0 0 0 0 5 16 16 
Infection 
C01.539 
3601 3670 3631 3867 3827 3974 4349 4263 4519 5037 5209 5378 5490 
Mycoses 
C01.703 
897 870 855 901 941 1035 1061 923 948 1100 1168 1208 1264 
Zoonoses 
C01.908 
56 54 47 43 36 43 38 28 24 27 39 61 42 
Legionellosis (the root of the 
subtree itself) 
C01.252.400.500 
C08.730.382 
0 0 0 0 0 0 0 0 0 0 0 0 0 
Legionnaires' Disease 
C01.252.400.500.501 
C08.730.382.380 
0 0 0 1 22 104 232 160 136 104 139 93 105 
 
Table 2. Annual usage of the examined MeSH entries. 
A series of plots were then produced to enable numerical time-series examination of the use of 
the various MeSH entries near the time of the particular change being examined. These plots 
include  
1. the frequency of usage of the MeSH entries from the nearby portions of the MeSH trees 
as an Index Medicus term,  
2. the fraction of the total usage of the MeSH entries from the nearby portions of the MeSH 
trees as an Index Medicus term that utilizes a particular MeSH entry,  
3. the entropy of the nearby portion of the MeSH trees, viewed as an Index Medicus 
message generator,  
4. the differential entropy,  
5. the entropy, normalized to the value of the entropy in the year of the MeSH revision, and  
6. the differential in the normalized entropy.  
Additional investigations of increasing regions of the MeSH trees were then undertaken, as 
suggested by analyses of the above. 
The Nature of Anticipated Results 
From Information Theory, entropy of a system with multiple possible messages is defined as  
.  
Entropy is maximized when all the possible messages are equally probable. If, in a system of 
equally probable messages, a particular MeSH entry begins to be used disproportionately much 
(e.g., through its use to label some new, large area of research publication), the entropy of the 
system will decrease (i.e., use of the heavily used entry will become more probable than a 
uniform probability distribution would predict). Conversely, if a particular MeSH entry was 
formerly infrequently used, but begins to be more frequently used, the entropy of the 
classification system in that region will increase. Not knowing the distribution of frequencies of 
MeSH entry use within a certain subtree a priori, it may be more helpful to first look for changes 
in entropy, either positive or negative, and then to investigate further.  
In the extreme, if only one value is always selected, though more than one choice is available, 
this results in an entropy value of zero (that is, it takes, on average, zero bits to encode this 
message). The message is non-informative. In other terms, it equates to a classificatory structure 
containing a layer where there is only one choice available. Searching down through that layer is 
probably, correspondingly, not informative.  
When taxonomies are generated over some "real world" topics, branches in the classification 
hierarchies are not chosen so as to provide equal probability distributions among the choices, but 
rather to reflect the prevailing classificatory theories of the discipline. For example, although 
Hyperacusis was rarely used as an Index Medicus (see Table 2) under Hearing Disorders, it 
would be an error to have used it more frequently. It would also (presumably, relying on the 
analyses by the MeSH staff) be an error to have relocated it to another MeSH subtree, or to have 
combined it with another term. Thus, higher entropy values (i.e., more even distribution in the 
choices) are desirable only if the classificatory structure does not conflict with the underlying 
associated science.  
Though it is unclear a priori whether more entropy is good, bad, or neutral, it is reasonably clear 
that a change in entropy equates to a change in the usage of certain themes within the stream of 
research literature arriving to be classified. If research topics are reasonably large and reasonably 
well established (not to claim that such is the case), changes in literature output might be 
expected to occur slowly. However, innovations and discoveries can give rise to rapid embracing 
or abandonment of theories or parts thereof. A research community can respond quickly to 
significant news, and the nature of their literature output can correspondingly change. Noting the 
change, perhaps using entropy as an indicator, can then trigger human enquiry into "what's going 
on" in the area.  
Results 
Results of Prior Experiments 
This investigation was suggested by unusual patterns observed tangentially to prior time-series 
analyses by the author involving MEDLINE data [4]. Usage of the most popular terms was seen 
to vary from year to year. While coverage of those analyses was not systematic, an apparent 
majority of the terms examined and plotted displayed time periods of peak popularity, generally 
lasting roughly five to fifteen years. Figure 1 shows the variation in popularity of three typical 
terms. Some terms (e.g., "stress" in Figure 1) recurred in popularity, but most did not regain their 
former popularity within the thirty-five years of MEDLINE data examined. These evident 
changes raised questions concerning how the staff of a classificatory system deals with changes 
in the underlying body of medical or scientific knowledge, and what automatic measures might 
be able to provide assistance in revision making or the management of the revision process.  
 Figure 1. Popularity (the complement of rank) of terms related to Omega-3 oils in 
MEDLINE literature as a function of date of publication. Capsaicin is shown as the red 
solid line. Rapeseed is shown as the brown dotted line. Stress is shown as the blue dashed 
line. 
To understand exactly what it is that is varying in these analyses, it is necessary to recall what 
MEDLINE is, and what it is not. MEDLINE contents reflect the medical research literature of 
the day, but not all the medical literature of the day (e.g., textbooks are not included). In this 
discussion, the more open-ended questions, such as whether the medical research literature 
accurately and completely reflects the genuine state of medical research, are set aside, assuming 
that there tends to be some synchronization. Further, MEDLINE does not include the whole-text 
of the literature, but only the title, other bibliographic metadata, and (usually, since the earliest 
years) an abstract.  
Socio-Technical Effects in Research Literature 
The contents of the research literature might also touch only lightly on that which is widely 
known. And, given long-prevailing editorial custom on the desirable brevity of abstracts, the text 
surveying prior work and the state of the art may not be selected for inclusion in the abstract of a 
research paper. As MEDLINE studies generally must approximate the contents of a paper by the 
contents of its abstract, this is clearly a potential source of error.  
A number of causal factors may be simultaneously at work in the observed shifts in term 
popularity. In particular, these variations appear to conform with the predictions of optimal 
foraging theory. If members of research communities are, as Sandstrom puts it [5], motivated, at 
least in part, by a need to find "novelty" (as opposed a need to find information itself), then any 
one research area cannot be expected to indefinitely sustain indefinitely large numbers of 
researchers. Eventually, the "big novelties" will have been reported on (and thereby, consumed, 
removing them from the environment). And, the remaining "little novelties" may not suffice to 
sustain a research career through traditional reward mechanisms such as receipt of funding or 
publication of papers. Depending on the richness of the novelty available in a research area, the 
number of researchers it attracts, and the amount of time it can sustain these researchers can be 
expected to vary. But, ultimately, most of the foragers will be compelled to move on to new 
areas.  
Other mechanisms may prescribe what are areas well thought of for research, and the language to 
be used, while simultaneously proscribing that which consensus says to avoid. These 
mechanisms include community paradigms [6], socio-political effects arising from the people in 
the research area and their relative prominence, and simply research progress such as discovering 
contradictory evidence that disproves a theory, or increasing confidence in a theory by 
continuing to amass experimental evidence in accordance with that theory [7]. The contributions 
from these various sources may be quite difficult to untangle. However, interesting effects are 
present in the data that seem plausibly generated by such forces. For example, in Figure 1, note 
the very rapid fall from popular use of the term capsaicin in the year 1984, possibly the result of 
rapid abandonment of either the topic in this research context, or the vocabulary formerly used to 
discuss the topic. Much more detailed examination is needed to substantiate any of the 
speculations here, as many other factors might have played a role in the changing popularity of 
these terms in this context at those times.  
Results of These Experiment 
Examination of the changes involving "Deafness" 
The plot in Figure 2 was constructed to give an overall view of the usage of the MeSH entry 
"Deafness" and its subordinates. Deafness occurs three places in the MeSH trees (specifically, at 
C09.218.458.288, C10.597.751.383.200, and C23.888.592.763.309.200). In the C09.218.458.288 
position, it has the subordinate "Deafness, Sudden", whereas in the other two positions, it has the 
subordinate "Hearing Loss, Central". These three entries are plotted in this one graph. The usage 
of the broader term Deafness clearly predominates in the time period analyzed. A plot of relative 
contributions of each MeSH entry to the total for the subtree is not shown here, in view of the 
clear predominance of usage of the Deafness entry.  
 
Figure 2. MeSH entry utilization counts concerning "Deafness" and its subordinates. 
A plot of the entropy of the two distinct Deafness subtrees (i.e., the tree rooted at 
C09.218.458.288, shown with the red, solid line, and the pair of equivalent trees rooted at 
C10.597.751.383.200 and C23.888.592.763.309.200, shown with the blue, dotted line) was then 
produced (Figure 3). Line texture and color encoding are the same as Figures 3, 4, 5, and 6. 
Figure 3 shows a pronounced increase in the entropy of both distinct Deafness subtrees, 
beginning in 1978. The change in authoring activity associated with the emergence of these new 
documents at that time may have been some how associated with the decision to revise the 
MeSH trees in this region in 1979. However, a number of other factors may also have been 
involved.  
 
Figure 3. Entropy of the "Deafness" subtrees. 
A plot of the difference in these entropy values compared with the preceding year (Figure 4) also 
shows pronounced change, beginning in 1978, but its meaning is unclear beyond that. Perhaps 
the MeSH changes in 1979 offset this effect to some degree.  
 
Figure 4. Difference in entropy of the "Deafness" subtrees with respect to the preceding 
year. 
A plot (Figure 5) of the entropy values, normalized so that they are expressed as a multiplier of 
the entropy value in 1979 (the year of the MeSH change being examined) also shows the entropy 
increase beginning in 1978. Additionally, the subtrees rooted at C10.597.751.383.200 and 
C23.888.592.763.309.200, shown by the dotted blue line, continue to increase in entropy for the 
remainder of the period analyzed.  
 
Figure 5. Entropy of the "Deafness" subtrees, presented as a multiple of the 1979 entropy 
value. 
A plot of the difference in these normalized entropy values (Figure 6) is remarkable in that is 
shows a pronounced change in 1978, and reasonable agreement in shape between the datasets of 
the two distinct Deafness subtrees. The simultaneous plunge in both plots for 1982 was not 
investigated. The rapid reversal of the increase in 1978 by a decrease in 1979 may have been a 
consequence of the MeSH revision, or may have arisen due to other factors.  
 
Figure 6. Difference, with respect to the preceding year, in the normalized entropy values 
of the "Deafness" subtrees. 
Examination of the changes involving parents and siblings of the "Deafness" entries 
The nature of the MeSH revisions concerning the former use of the entry Deafness also involved 
changes in usage to other entries that are siblings of the Deafness entry in the MeSH trees. 
Accordingly, MEDLINE records were selected based upon these other MeSH entries, and plots 
were generated for them as well.  
The entry Deafness occurs in three MeSH subtrees, all with the superordinate entry "Hearing 
Disorders", but with differing numbers (i.e., C09.218.458, C10.597.751.383, and 
C23.888.592.763.309). These three subtrees all include "Hearing Loss, Partial", "Hyperacusis", 
and "Tinnitus" as siblings to the entry for Deafness. However, the entry "Hearing Loss, Partial" 
is a leaf node in the subtrees C10.597.751.383, and C23.888.592.763.309, while it is the root of 
its own subtree in the subtree C09.218.458. The subtree rooted at C09.218.458 also includes 
another Deafness sibling, "Hearing Loss, Functional".  
Figure 7 shows the usage of the most prominent of these MeSH entries for the period. The solid 
red line shows the use of the term Deafness. The dotted blue line shows use of the "Hearing 
Loss, Partial" subtree C09.218.458, while the solid blue line shows use of the "Hearing Loss, 
Partial" leaf nodes C10.597.751.383, and C23.888.592.763.309. The dashed, magenta line shows 
use of the entry "Tinnitus". Note that here, and in the group of plots following, "Hearing Loss, 
Functional" and "Hyperacusis" were not plotted as they were relatively infrequently used in the 
time period under analysis. Their effects were, however, included in all calculations.  
 
Figure 7. MeSH entry utilization counts concerning parent and sibling nodes to "Deafness" 
entries. 
Figure 8 shows the relative contributions of the more widely used members of the subtree rooted 
at "Hearing Disorders" [C09.218.458]. The solid red line shows the contribution of Deafness. 
The dotted blue line shows the contribution of the "Hearing Loss, Partial" subtree, and the 
dashed brown line shows the contribution of Tinnitus. Use of the subtree "Hearing Loss, Partial" 
surpasses us of Deafness, beginning in 1979.  
 
Figure 8. Fractional contributions to the use of MeSH entries within the subtree rooted at 
"Hearing Disorders" [C09.218.458]. 
Figure 9 shows the entropy of the two distinct "Hearing Disorders" subtrees (i.e., the one rooted 
at C09.218.458, shown by the solid red line, and the identically-defined pair rooted at 
C10.597.751.383, and C23.888.592.763.309, shown by the dotted blue line). A plot normalizing 
the Y-axis based on the entropy exhibited in 1979 is omitted as not additionally informative. The 
entropy of the larger subtrees also show increases shortly before the 1979 MeSH revision. For 
the pair shown by the dotted blue line, the increase begins in 1977, while for the single subtree 
shown by the solid red line, the increase begins in 1978, similarly to the Deafness plots above. 
Figure 10 shows the corresponding difference in entropy for these same datasets. Again, a 
pronounced change in entropy appears in 1978. Normalizing the differential entropy plot was 
also omitted as not additionally informative.  
 
Figure 9. Entropy of subtrees rooted at "Hearing Disorders". 
 
Figure 10. Difference in entropy of subtrees rooted at "Hearing Disorders",  
with respect to the preceding year. 
Continuing the process of expanding the subtree under analysis, Figure 11 shows the entropy of 
the entry "Sensation Disorders" (C10.597.791 and C23.888.592.763), the superordinate of 
Hearing Disorders (C10.597.791.383 and C23.888.592.763.309, respectively). Entropy there is 
seen as rising from 1976 through 1979, but not so much as to appear unusual. Figure 12 shows 
the corresponding plot of the difference in normalized entropy. In this plot, the maximum value 
is obtained in 1978, but that value is not much larger than the values from 1975 and 1984. It 
appears that the continued expansion of the subtree under analysis has reached a point of 
diminishing returns, where, perhaps, the incorporation of events arising from a great many other 
sources is masking the effect sought.  
 
Figure 11. Entropy of Sensation Disorders (C10.597.751 shown with the solid red line, 
C23.888.592.763 shown with the dashed blue line).  
Values for these subtrees differ only in their Vision Disorders portions. 
 
Figure 12. Differences in the normalized entropy of Sensation Disorders (C10.597.751 
shown with the solid red line, C23.888.592.763 shown with the dashed blue line). 
Examination of the changes involving the Stomatognathic System and speech organs 
Multiple MeSH revisions occurred in 1979 affecting the speech organs and the parts of the 
Stomatognathic System (A14). Analysis of individual entries may not make sense in such a case, 
in that there could have been multiple factors simultaneously influencing the MeSH restructuring 
process. Figure 13 shows the entropy of the several revised MeSH entries that equate to organs 
and tissues located in this region of the body; the "Stomatognathic System" (A14), the Jaw 
(A14.521), the Mouth (A14.549), the Pharynx (A14.724), the Palate (A14.549.617), and the 
Voice (G09.772.862). Figure 14 shows the corresponding differences in the normalized entropy 
for each MeSH entry. Although the first three entries named (and plotted in blue) exhibit no 
remarkable changes in entropy, the entries for Pharynx and Voice shows marked increases, 
beginning in 1978, and the entry for the Palate shows continuous increases in its differential 
normalized entropy from 1975 through 1979.  
 
Figure 13. Entropy of entries associated with specific localized regions of the vocal 
mechanism or Stomatognathic System. Plots are: Stomatognathic System (blue, solid line), 
Jaw (blue, dotted line), Mouth (blue, dashed line), Pharynx (red, solid line), Palate (red, 
dotted line), and Voice (red, dashed line). 
 
Figure 14. Differences in the normalized entropy of entries associated with specific 
localized regions of the vocal mechanism or Stomatognathic System.  
Plots are: Stomatognathic System (blue, solid line), Jaw (blue, dotted line), Mouth (blue, 
dashed line), Pharynx (red, solid line), Palate (red, dotted line), and Voice (red, dashed 
line). 
Moving farther afield, figure 15 shows the entropy of the more widespread systems that 
encompass some aspect of the vocal mechanism or Stomatognathic System; "Nervous System 
Physiology" (G11.561), "Verbal Behavior" (F01.145.209.908), "Language Arts" 
(L01.143.506.423), "Musculoskeletal System" (A02), "Tissues" (A10), and "Muscle, Skeletal" 
(A02.633.567). It would be unusual for localized perturbations in entropy to have effects visible 
in the much larger, superordinate subtrees. Indeed, these more broadly defined subtrees show no 
large, sustained entropy variation around the 1979 MeSH revision date examined herein.  
 
Figure 15. The entropy of MeSH entries for the more widespread systems that  
encompass some aspect of the vocal mechanism or Stomatognathic System. Plots are: 
"Nervous System Physiology" (solid blue line), "Verbal Behavior" (dotted blue line), 
"Language Arts" (dashed blue line), "Musculoskeletal System" (solid red line), "Tissues" 
(dotted red line), and "Muscle, Skeletal" (dashed black line). 
Examination of the changes concerning "Legionnaires' Disease" entries 
Unlike the other MeSH changes examined here, the disease associated with the entry 
"Legionnaires' Disease" arose without warning (in 1976), and rapidly thrust itself onto the 
medical establishment. The MeSH system response was to create an entry that would be the most 
appropriate place to classify this pneumonia-like disease.  
Analysis of entropy in this case (see Table 2) showed nothing of value in the subtrees rooted at 
"Legionellosis" (C01.252.400.500 and C08.730.382) -- two subtrees that each contain only the 
subordinate "Legionnaires' Disease" (C01.252.400.500.501 and C08.730.382.380, respectively). 
There was no prior warning of the initial outbreak in the literature of research investigations. 
Indeed, Legionellosis itself was not used as an Index Medicus for any article during the period 
examined.  
Expanding the scope of the analyzed subtrees, as above, was also not expected to yield any 
literature-based mechanism for prior warning of a disease outbreak. But, plots were produced by 
way of comparison with the plots for cases of routine MeSH reorganization. Figure 16 shows the 
entropy of the subtrees for "Public Health" (G03.850), drawn with the solid red line, and 
"Bacterial Infections and Mycoses" (C01), drawn with the dotted blue line. No change is 
apparent. Figure 17 shows the most sensitive of the plots tried above, the difference in 
normalized entropy, where normalization is to the entropy value exhibited in 1979. That plot 
shows a 3-year dip in entropy that begins in 1979. The amount of the dip is very small, per the 
scale shown on the Y-axis, so it is possible that the arrival of the 22 to 232 documents indexed 
"Legionnaires' Disease" (reference Table 2) had perturbed the entropy of the few thousands of 
documents listed somewhere in the subtrees of "Public Health" and "Bacterial Infections and 
Mycoses".  
 
Figure 16. Entropy of the "Public Health" (G03.850) and "Bacterial Infections and 
Mycoses" (C01) MeSH subtrees across the outbreak of Legionnaires' Disease (1976) and 
associated MeSH revision (1979). 
 
Figure 17. Difference in the normalized entropy of the "Public Health" (G03.850) and 
"Bacterial Infections and Mycoses" (C01) MeSH subtrees, with respect to the preceding 
year. 
Conclusions 
It is essentially impossible to enumerate, let alone correct for, the number of factors that bear on 
the conduct of medical research worldwide. Accordingly, while variations on the Information 
Theory concept of entropy are shown here to have interesting timing coincidences with MeSH 
revision events, a chain of causality has not been established herein. To investigate all the 
processes involved in the publication events of a research community will require very extensive 
design of experimental controls.  
However, viewing a localized region of the MeSH trees in information theoretic terms, 
considering classifications of received MEDLINE documents as messages, has here produced 
plots that might have been useful in deciding to begin the process of MeSH revision. Both 
entropy and differential entropy plots (optionally normalized) contained indicative materials.  
Additionally, monitoring across extant MeSH tree definitions, and monitoring larger 
superordinate subtrees were possible with the entropy-based model. Both the immediate subtree, 
and the subtrees rooted at one level superordinate produced plots sometimes showing unusual 
changes in entropy just preceding the reclassification events in question. However, if the 
superordinate level is too broadly encompassing, entropy variations due to the phenomenon of 
interest seem to be being masked by statistical variations over the large body of encompassed 
material.  
A wide variety of factors, societal and sociology-of-science in origin, can affect the MeSH 
modification process. It would be a serious error to assume that a statistical summary can mask 
all these. In order to validate the use of entropy as an indicator, this study would need to be 
expanded, to encompass detailed interaction with MeSH staff and management regarding the 
factors affecting their decisions (1) to initiate MeSH revision work, and (2) delineating the scope 
of revisions. The need to conduct such interviews argues for the study of MeSH of the very 
recent past. However, the process of localized MeSH revision need not be a single event, as 
additional clarifying or corrective actions may be taken in subsequent years. Or, modifications to 
neighboring subtrees may have impacts, through more clearly delineating what a given subtree 
contains or represents. In order to vertically (historically) follow the effects of multiple MeSH 
changes, including subsequent changes or corrections within a studied subtree, it will be 
necessary to use a MeSH change date at least a few years in the past.  
It would be particularly interesting to broaden the scope of topics analyzed, and to try monitoring 
current MEDLINE acquisitions with such a system. A broader analytical base is needed to 
reliably characterize the degree of entropy change reliably indicates a re-balancing in a research 
community's use of a certain subtree within a classification hierarchy. However, once validated, 
statistically based techniques such as this could be performed on a periodic (e.g., monthly) basis 
as a form of managerial supplement to personal or intuitive summaries of research activity in an 
area. A supplemental alerting mechanism could watch a classification system for consistency 
with shifts in the nature of current publications. Such alerts would be particularly valuable in 
cases where the classification system and the literature classified are too large for effective 
human supervision via intuitive means.  
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